The chemical composition of the essential oil from Protium heptaphyllum resin was analyzed by GC/MS and the oil examined for antinociceptive activity in chemical and thermal tests. Fourteen compounds were characterized, representing 95.8% of the total essential oil, with the monoterpenes α-phellandrene (10.4%), α-terpinene (13.7%) and 1,8-cineole (58.7%) as major components. Oral administration of the essential oil (50 and 100 mg/kg) significantly inhibited chemical nociception induced by capsaicin and formalin in mice. In rats, the oil also effectively enhanced the radiant heat-induced tail-flick latency response at a dose of 100 mg/kg. However, the essential oil, at either dose, was ineffective against thermal pain in the hot-plate test.
The leafy parts of several species of Burseraceae, mainly of the genus Protium, are considered aromatic and medicinal [1, 2] . Phytochemical investigation of the resin, fruits, leaves, and trunk of P. heptaphyllum led to the isolation of the monoterpene p-menth-3-ene-1,2,8-triol, α-and β-amyrin, quercetin, brein, quercetin-3-O-rhamnoside, (-)-catechin and scopoletin [3] . In folk medicine, gum and oleoresins from species of Protium have been popular for their anti-inflammatory, analgesic, expectorant and wound-healing effects [4] . Earlier studies in our laboratory have shown that the resin of P. heptaphyllum has gastroprotective and antiinflammatory properties [5] . Furthermore, antiinflammatory, antimicrobial and antioxidant effects of the essential oil from leaves and/or resin of P. heptaphyllum have been previously described [4] [5] [6] . Since many essential oils of plants and their volatile constituents are endowed with analgesic properties following their local or systemic applications [7] , the present study was aimed at screening the essential oil extracted from the resin Table 2 . Vehicle-treated control mice showed extensive hind-paw licking in the formalin test at the first phase, as well as in the second phase. While morphine inhibited the licking response in both phases in a naloxone-sensitive manner, EOPH suppressed only the second phase response of formalin, which was resistant to naloxone. The two phases of mouse response to formalin have been attributed to different mechanisms, both peripheral and central [8, 9] , and since EOPH did not manifest antinociception in the first phase of the formalin test, we assume that its second phase analgesic effect is mainly due to the anti-inflammatory activity, which has been established by an earlier study [4] . In the capsaicin test, both EOPH (50 and 100 mg/kg) and morphine produced profound antinociception, as evidenced by suppression of the hind-paw licking response ( Table 2 ). The extent of reduction in the respective groups of animals was in the order of 55 and 74% for the EOPH and 97% for morphine. Unlike that of morphine, the antinociceptive effect of EOPH in the capsaicin test was not reversed by pretreatment of mice with naloxone (2 mg/kg, s.c.), a μ-opioid receptor antagonist, suggesting the involvement of a non-opioid mechanism.
The involvement of capsaicin-sensitive TRPV1 channel (transient receptor channel vanilloid 1 receptor) expressed in sensory neurons in nociception has been well documented [10] . It appears TRPV1 is up regulated in inflammatory disease conditions, such as inflammatory bowel disease and irritable bowel syndrome. Interestingly, EOPH attenuates the capsaicin-induced peripheral nociception, probably by desensitizing the primary sensory afferents. In the tail-flick test, EOPH (100 mg/kg) significantly prolonged the response latency ( 
Essential oil extraction and chemical composition:
The essential oil from the resin was extracted by hydrodistillation and analyzed by GC/MS (HewlettPackard 5971 GC/MS) under the following conditions: column: dimethylpolysiloxane DB-1 fused silica capillary column (30 m x 0.25 mm, 0.1 μm film thickness); carrier gas: helium (1 mL/min); injector temperature: 250°C; detector temperature: 200°C; column temperature: 35°-180°C at 4°C/min, then 180-250°C at 10°C/min; mass spectra: electron impact, 70 eV. Individual components were identified by two computer library MS searches using retention indices as a preselection routine [12] and visual inspection of the mass spectra from literature for confirmation [13] .
Antinociceptive activity of Protium heptaphyllum
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Animals:
Male Swiss mice (20 -25 g) and Wistar rats (150 -180 g) maintained under standard environmental conditions were used. The animals had free access to a pellet diet (Purina chow) and tap water. The animals were fasted overnight for experimentation, but allowed free access to water. The Institutional Committee on the Care and Use of Animals for experimentation approved the experimental protocols in accordance with the guidelines of NIH, Bethesda. For experiments, animals were divided into groups of six to eight.
Formalin-induced nociception:
Mice were pretreated with EOPH (50 and 100 mg/kg, p.o.), vehicle (3% Tween-80, 10 mL/kg in water), and morphine (7.5 mg/kg, s.c.) alone or in combination with naloxone (2 mg/kg, s.c.), 30 min prior to 20 μL of 1% formalin (in 0.9% saline, subplantar) and the total time (in seconds) that the animal spent licking the injected paw during the first 5 min (first phase) and then at 20 -25 min (second phase) after formalin injection was quantified [8] . The pretreatment time period followed for the EOPH was 60 min and for morphine and naloxone, 30 min.
Capsaicin-induced paw licking: Mice pretreated as above with EOPH, vehicle or morphine alone or in combination with naloxone individually received subplantar injections of either capsaicin (1.6 μg, 20 μL) or a similar volume of vehicle into the right hind paw. The time in seconds that the animals spent licking the injected paw during the first 5 min after capsaicin injection was recorded [14] .
Tail-flick test:
A radiant heat tail-flick analgesiometer was used to measure response latencies in rats. The reaction time was recorded for animals pre-treated with EOPH (50 and 100 mg/kg, p.o.), vehicle or morphine (7.5 mg/kg, s.c.). Rats that showed tail-flick reaction of 5 seconds alone were included in the study [15] .
Hot-plate test:
In this test, mice were preselected on a hot-plate at 55 ± 0.5 o C and only animals that showed a reaction time [time (s) required to start either licking of hind limb or jumping] within a 20 s period were included in the study. Animals were then treated with EOPH (50 and 100 mg/kg, s.c.), vehicle or morphine (7.5 mg/kg, s.c.) and the reaction time (s) was recorded for each mouse before and after the pretreatments, at intervals of 30 min, for a total period of 90 min. To avoid possible injury, a cut-off period of 45 s was followed while measuring the reaction time [16] .
Locomotor activity (open-field test): Mice were observed for locomotion by placing them in an open-field arena and the locomotion frequency (number of floor units the animal entered) was counted for a period of 4 min, following 45 min of oral administration of either EOPH (50 and 100 mg/kg) or vehicle [17] .
Pentobarbital-induced sleeping time: Sleeping times induced by pentobarbital (40 mg/kg, i.p.) were established in groups of mice, 45 min following oral treatment with either EOPH (50 and 100 mg/kg) or vehicle (10 mL/kg). The sleeping times were measured by observing the loss and the recovery of the righting reflex [18] .
Statistical analysis:
The data were expressed as mean ± S.E.M., and the statistical significance between groups was analyzed by means of analysis of variance (ANOVA), followed by Student-NewmanKeul´s test. P-values less than 0.05 were considered as indicative of statistical significance.
